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Injection blow molding process and apparatus. 

(§) A method and apparatus for injection blow molding 
hollow plastic articles characterized by a rapid and efficient 
operating cycle. The ir)jection mold includes a mold cavity 
and the blow mold is located adjacent the mold cavity in 
side-by-side relationship. The parison is injection molded 
into the nwld cavity onto a core. The parison on the core is 
separated from the mold cavity by moving the parison on the 
core axially in a straight path away from the mold cavity, 
followed by movement in a substantially arcuate path into 
axial alignment with the blow mold, followed by axial 
movement in a straight path into said blow mold. 
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BACKGROUiJD OF THE INVENTION 
Injection blow moldine; nrocesses and apparatus are widely 
known and widely used in industry. Per example, reference 
should be had to U.S. Patent 3,183,552 to Farkas, U.S. 

5 Patent 3,819,31^ to Marcus, U.S. Patent 3,339,231 to Piotrowski 

and Canadian Patent 995, US to Cannon et al. 

It is and has been a long standing objective of art 
processes to achieve a high productivity , i.e., to develop a 
process with a rapid, efficient and economical operating cycle. 

.0 Art processes known heretofore are subject to one or more 

significant disadvantages. Frequently, they are cumbersome 
and expensive to operate. Frequently, they are characterized 
by a relatively slow operating cycle. A shorter operating 
cycle is particularly desirable since it is directly 

.5 translatable into a larger number of end products produced. 

Processes are known with overlapping cycles in order to 
reduce overall cycle time, for example, by providing that while 
one parison is being molded another is being blown and still 
another is being removed. However, even with processes using 

>0 -oveiMapping cycles the overall cycle time still leaves much 

to be desired and still necessitates improvement In cycle 
time . 

The foregoing difficulties are further compounded by 
frequent lack of reliability of prior art processes 
?5 necessitating frequent Interruptions of the operation and 

thereby further impairing operating efficiency. 
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Accordingly ,r it is a principal object of the present 
invention to provide a process and apparatus for injection 
blow molding hollow plastic articles characterized by a 
rapid, efficient and economical operating cycle. 

It is a still further object of the present invention to 
provide a process and apparatus as aforesaid which is 
convenient and easy to use on a commerlcal scale and may be 
reliably used with high productivity. 

Further objects and advantages of the present invention 
will appear from the following specification. 

SUMMARY OF THE II^/ENTION 

In accordance with the present invention, it has now 
been found that the foregoing objects and advantages are 
obtained. The method and apparatus of the present invention 
are for injection blow molding hollow plastic articles. The 
method comprises: oroxidinr an Injection mold Ir.cluding a mold cavity 
fonned by a mold wall and a core- iajecting molten plastic into said 
cavity to form a parison on said core; separating said 
parison from said jmold wall by moving said parison on ^aid 
core axially in a straight path away from said mold wall; 
providing a blow mold adjacent said mold cavity in side-by-side 
relationship therewith; moving said parison on said core 
in a substantially arcuate path into axial alignment with 
said blow mold; moving said oarison on said core axially in 
a straight path into said blow mold; and expanding said 
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parison on said core in said blow mold to form said hollow 
article . 

The apparatus of the present invention comprises: an 
injection mold including a mold wall; a core engageable with 
said injection mold to form a mold cavity with said mold wall; 
means to inject molten plastic into said mold cavity to form a 
parison therein: a blow mold adjacent said mold cavity in ' 
side-by-side relationship therewith; means to separate said 
parison from said mold wall operative, to move said parison on 
said core axially in a straight path away from said mold wall, 
followed by in a substantially arcuate path into axial 
alignment with said blow mold, followed by axially in a 
straight path into said blow 'mold: and means to expand said 
parison on said core In said* blow mold to form said hollow 
article » 

The core is preferably separated from the hollow article 
leaving the article In the blow mold and returned to the 
Injection mold for another cycle along paths corresponding to 
the foregoing paths. I.e., axially, substantially arcuate and 
axially Into, the Injection mold. An ejection station may then 
be provided adjacent the blow mold In slde-by-slde relationship. 
An ejection core can transfer the hollow article from blow 
mold to ejection station and return along paths corresponding 
to the paths of the core. 
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In the preferred embodiment a second core, second ejection 
station, second blow mold and second ejection core are provided 
on the side opposed to the blow mold and ejection station for 
operation of an overlapping cycle. The second core and second 
ejection core move on paths corresponding to the paths of the 
core and ejection core. That is, when the core is in the blow 
mold the second core is in the injection mold. 

A major advantage of the present invention resides in the 
rapid operating cycle enabled by the critical movement paths. 
Also, the process and apparatus are simple, convenient to 
operate and reliable. The resultant high productivity is a 
significant feature. 

Further advantages and features of the present invention 
will appear hereinbelow. 

BRIEF DESCRIPTION OF THE DRAVJINGS 

The present Invention will be more readily understandable 
from a consideration of the drawings in which: 

Figure 1 is an eievational view showing the apparatus of 
the present dnvention in the closed position with the core in 
the injection mold; 

Figure 2 is a view similar to Figure 1 with the .apparatus 
in the open position with the core and parison in the midst 
of transfer to the blow mold; 



Figure 3 is a view similar to Figure 1 with the apparatus 
in the closed position with the core and parison in the blow 
mold and with the second core in the injection moldj 

Figure ^ is a partial, expanded elevational view showing 
additional details; 

Figure 5 is a detailed view of the ejection core engaged 
with the hollow article in the blow mold; 

Figures 6 and 7 are partial views shov/ing alternate core 
embodiments; and 

Figure 8 is a line chart showing core movement from 
injection mold to blow mold and return. 

DETAILFD DESCRIPTION 

Referring to Figures 1-3, injection station 10 is secured 
in fixed platen 11. Blow stations 12 and 13 are also secured 
to fixed platen 11 and are situated adjacent injection 
station 10 and in side-by-side relationship with respect 
thereto, with blow station 12 containing blow mold 16 which 
may be split if desired being on one side of the injection 
station and blow station 13 containing blow mold 17 which 
may be split if desired being on the other side- Blow molds 
16 and 17 are in the shape of the hollow articles to^be 
made. Ejection stations 14 and 15 are also secured to fixed 
platen 11 and are situated adjacent the respective blow 
stations in side-by-side relationship with respect thereto, 
with ejection station 14 situated adjacent blow station 13 
and ejection station 15 situated adjacent blow station 12. 



Core 20 is provided secured to movable platen 21 eng^geable 
with injection station 10 as shown in Figure 1. The injection 
station 10 includes mold wall 22 • Thus, when core 20 is engaged 
with injection station 10 as shown in Figure 1 the core 20 is 
spaced from the mold wall 22 to form mold cavity 23 therebetween. 
Injection means 2^ is in communication with mold cavity 23 and 
is connected to a source of hot flowable plastic (not shown) 
for forcing said hot formable . plastic under pressure into mold 
cavity 23 to form -pari son 25. 

Core 20 is movable into and out of engagement with injection 
station 10 by movable platen 21 actuated by the motive means 
shown schematically In Figure 1 and to be described in more 
detail herelnbelow. Naturally, the movement of platen 21 may 
be accomplished by conventional means, shown only schematically 
in Figure 1, which are capable of providing a clamping force 
between the two platens to keep them from separating during 
the injection step and the other steps which will be described 
below. It should be understood that while movement of platen 21 
is described, one may of course move platen 11 or both platens 
11 and 21, if desired. 

The hot, newly formed parison 25 remains in mold cavity 23 
until sufficiently cooled to be removed, if desired using 
cooling means 26 adjacent mold wall 22, as for example, by 
fluid circulation. If desired, such cooling means may also be 
provided in core 20. After such cooling of parison 25 the 
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clamping force is^ released and platen 21 is moved away from 
platen 11 carrying with it core 20 and parison 25 adhered 
thereto. If a neck mold is used as to form a threaded neck 
portion the neck mold is openable by conventional means and 
remains closed during the formation of the parison, removal of 
the parison from the injection station and blowing, which 
also aids in retention of the parison on 'the core. In the 
present embodiment a neck mold is not employed and both the 
parison and final article have a cup-shaped configuration as 
seen in the drawings and clearly shown in Figure ^. Thus, 
parison 25 has a base portion 30, a curved lip 31 and outwardly 
flaring side walls 32 extending; from base 30 to lip 31- Curved 
lip 31 may serve as an undercut to aid in retention of the 
parison on the core. Core 20 is provided with fluid passageway 
33 connected to a source of fluid pressure for blowing the 
final article. If desired, a vacuum may be drawn through 
passageway 33 to aid in retention of the parison on the core. 

core 20 with parison 25 thereon is then moved to blow 
station 13 as shown in Figures 2 and 3 in a manner which first 
separates the parison from the mold wall 22 by moving the 
parison on core 22 axially in a straight oath away from said 
mold wall at least until the parison clears the injection 
station, followed by movement in a substantially arcuate path 
into axial alignment with blow station 13, and blow mold 17. 
followed by moving the parison on the core axially in a 
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straight path into blow mold 17. Parison 25 Is then expanded 
on core 20 in blow mold 17 by fluid pressure through passageway 
33 to form hollow article 3^. Figure 1 shows core 20 engaged 
with the injection station* Figure 2 shows core 20 with parison 
25 thereon removed from the injection station on its arcuate 
path between injection station 10 and blow station 13 
with platen 21 and core 20 at the peak of their arcuate path. 
Figure 3 shows core 20 engaged with blow station 13 forming 
hollow article 3^ therein. 

After the formation of hollow article 3^, core 20 is 
removed from blow station 13 leaving hollow article 3^ 
remaining therein and returned to the injection station along 
paths corresponding to the path taken by core 20 from the 
injection station 10 to the blow mold 17, that is, the core is 
moved axially in a straight path away from blow mold 17 
followed by movement in a substantially arcuate path Into 
axial alignment with said Injection station, followed by 
movement axially in a straight path Into said Injection 
station for ^repeat of the cycle • 

Second core ^0 having fluid passageway 45 similar- to 
passageway 33 Is provided on movable platen 21 adjacent core 
20 in slde-by-side relationship with respect thereto. Second 
core 40 is engageable with Injection station 10 when core 20 
engages blow mold 17 to form a second parison in an overlapping 
cycle with respect to core 20. Thus, second core 40 engages 
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Injection station -10 to" form a parison 25 In a manner similar 
to the formation of a parison on core 20 in the injection 
station 10. The formation of a parison on core 40 takes place 
while core 20 is in the blow mold 17 forming the hollow article. 
Core 40 carrying a parison 25 is then removed from the injection 
station and transferred to blow station 12 and blow mold 16 
in a path corresponding to the transfer path of core 10 to 
blow station 13 and blow mold 17 for formation of an additional 
hollow article 3A in blow mold 17. The transfer of core 40 
to blow mold 17 takes place simultaneously with the return of 
core 20 to injection station 10. 

After removal of core 20 from blow station 13 hollow 
article 3^ remains in blow mold 17. Hollow article 3^ 
corresponds in shape generally to parison 25 with an expanded 
configuration caused by the blowing step. Thus, article 3^ 
has a base portion ^1, curved lips 42 and outwardly flaring 
side walls 43 extending from base ^1 to lips 42. The blown 
article 34 cools in contact with/the walls of the blow"^ mold 
which may contain cooling means 44, as for example for cooling 
by fluid circulation in a conventional manner. Article 34 
may be retained in the blow mold by any desired means as 
by applying a vacuum to the inside of the blow mold or 
providing means on the blow mold to engage lip 42, Ejection 
core 50 and second Section core 51 are provided on movable 
platen 21 adjacent and in side-by-side relationship to 
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cores ^0 and 20, with Ejection core 50 alongside core 20 and 
second ejection core 51 alongside second core ^0 . Thus, when 
cores 20 and liO leave their respective blow molds 17 and 16 with 
the hollow articles remaining therein for return to the injection 
station, ejection cores 50 and 51 move into engagement with 
said hollow articles in the blow molds along paths corresponding 
to the paths of cores 20 and ^0. Cores 50 and 51 then disengage 
from the blow molds removing hollow articles 3^ viith them and 
move from the blow stations to the ejection stations along 
paths corresponding to the paths of cores 20 and ^10. Removal 
of hollow article 3^4 onto the ejection cores may be assisted 
by pusher means 52 operatively associated with blow molds 16 
and 17 for positively pushing article 3^ away from the blow 
molds, see Figures M and 5. ' Also, ejection cores 50 and 51 may 
be provided with fluid passageways 53 connected to a source of 
fluid pressure (not shown), see Figure 5, which may be used to 
draw a vacuum and aid In removal of hollow article 3^^ from the 
respective blow molds. The final hollow article is then 
transferred to the respective ejection station, which may 
incorporate any suitable ejection means as a chute, suction 
tube or other conventional means to convey plastic articles. 
Removal of article SU from the ejection cores 50 and 51 at 
ejection stations 1^ and 15 may be assisted by fluid pressure 
from passageway 53 and also by stripper 5H Including stem 55 

« 

to which a widened cap 56 is attached (Figures 4 and 5) 
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axi.Xly via motive .eans (not ..own,. After removal of 
movable axiaiJ-y vj. i ^ ^ o 

.. 3^ at tne ejection stations the cycle is 

the hollow arulcj-e :jh 

^ narticularly for use with cup- 
.,ne present improvement, particular 

l.s assures holding or the articles concentrically 
..apee articles, assure ^^^^^^^^ 

on the mandrels and effectin... ^^^^3,3,,3d into blow 

c In operation, the narison is transter 
Fi^re 5. in OP ^^^^ ^^^^^ ^^^^^ 

.Old IT as ahove — ^ ^^^^^ .... ..e 

. insertion o. n.. 3^ ^^^^^^ ^^^^^ ^^^^^^^ 

^^^^^ ^^\r;: 'adlced .rein, the hlo. article onto 
3^ pusher plate 52 is a ^^^^^ 
.andrel 50 Which is then Withdrawn . If desir 

applied throu^ passage 53 hetter to assure adherence of 

..el during withdrawal from the blow mold, 
article 3^ to the mandrel during 

T»^<. 'sp a--' the stripper cap 56 may also he 
Clearly, pusher date 52 a. . t 

of article 3»1 between them, n a 
u.ed to Shape the portion of art .cie 

V ^A.A the blow mold, it is overcome 
rim undercut Is embedded .n 

■rr-om the blow mold by the action of 

lenEth of said undercut, it being 

v>,pn one undercut. In this manner, 
. -. ™aTr exhibit more than one unaci 
article may exhibit ^^^^ ^^^^^^^^ 

stickinR of the finished article to the 

sticKiiiK „no is aligned with 

^-.v mandrel 50 carrying article 3^ is axign 
Subsequently, manorej. n«+.i-.re 
. . described above and, since all. relative 
removal devices as descrio 

and the blow mold may oe 
n^ovement between the mandrel and the 
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precluded due to the close fit of the mandrel and the article 
at the neck of the article, which may be an interference fit or 
an undercut, and, if necessary due to the vacuum, the alignment 
will be consistent from cycle to cycle. Upon alignment with the 
ejection station, the vacuum if theretofore applied through channel 
53 is released and stripper 5^* is actuated to urge the article 
into engagement with the ejecting device by positive mechanical 



means . 



The advantage of this arrangement compared to previous 
practice is in its reliability, preventing interruptions of 
the operation and thereby improving efficiency. 

Vhile the foregoing description shows a single Injection 
mold and core set, it will naturally be understood that multiple 
injection mold and core sets may readily be employed, for 
example, arranged slde-by-side or in several rows. 

Thus, it can be seen that the process and apparatus of the 
present invention obtains si^mificant advantages. The overlapping 
cycles enable plural operations to be conducted simultaneously. 
While core 20 is engaging injection station 10 to form a 
first parison, second core UO is engaging blow mold 16 to form 
a final article 3l», second ejection core 51 is ejecting a 
hollow article at ejection station 15 and ejection core 50 is 
engaging a hollow article at blow station 13 for removal 
thereof, with the axial, arcuate and axial movement 
described hereinabove nroviding a considerable advantage in 
reduction in cycle time which of course is a prime 
consideration in this art. 



- 13 - 67660 

Injection molding -was heretofore favored for cup-shaped 
articles because of its short operating cycles in spite of the 
fact that the product weighed more than if it had been injection 
blow molded. Thus, an injection molded cup weighing 8 grams in 
polystyrene viould turn out to be less costly than one weighing 
only 5 grams as injection blow molded, the material cost; 
advantage of the latter being offset by the lower molding cost 
of the former. 

The so-called "dry cycle" is that part of the total 
operating cycle of the apparatus described in Figures 1-3 which 
is not attributable to process related factors but only to the 
mechanism. The total cycle divides into the dry cycle and the 
process cycle. In an injection blow molding operation the 
pressure molding of the parison typically takes longer than the 
finishing thereof by biowins or the removal of the blown article • 
These three steps overlap so that while one parison is being 
molded another is being blo^-rn and still another is being removed 
after having been blown. Accordingly, the longest of these 
three steps determines the overally process cycle. Considering 
the injection molding step by itself it is found that the 
process of pressure moldin<r and cooling the parison sufficiently 
to be removable from the injection mold takes about one (1) 
second for a polystyrene cup referred to above, while the dry 
cycle of the injection mold clamping apparatus is apt to take 
nearly four (M) seconds In a conventional device. The dry 
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cycle as such, being the greatest part of the total cycle, could 
not heretofore be' reduced because of the time consuming movement 
of the core assembly away from the injection mold, sideways into 
augment with the blow mold and towards the blow mold, including 
the reverse of same, ^is is true of prior linear and rotary 
systems . 

In accordance with the present invention, however, the 
axial, arcuate ard axial movement substantially reduces the dry 
cycle'time and thus reduces the overall cycle time. Referring 
to Figure 8, the movements of movable platen 21 are shown 
diagrammatically, which will of necessity include the movement 
of the cores thereon. Thus, when nlaten 21 moves from the 
position in Figure 1 to the position in Figure 3 a given point 
or. the platen will follow curve A. The retun. movement will 
follow curve B. As platen 21 moves away from platen 11 the 
section on curve A from loc-.tion 60 to 61 represents movement 
from the closed position of Figure 1 to that point at which 
movement of core 20 with parison 25 thereon may occur laterally 
vithout mechanical Interference. As soon as location 61 is 
passed said point starts its lateral movement which is 

fn\ o^«-non<9 namelv between locations 
subdivided into three (3) sections, name-y 

61 and 62 in wbich acceleration is taking place, then between 

62 and 63 in which the velocity of the point is constant, 
followed by between 63 and 64 in which deceleration is taking 
place. Finally, locations 64 and 65 show the approach to the 
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blow mold and the- position shown in Figure 3- Naturally , ^the 
actual shapes of the curve segments will depend on the mass 
being moved , with the segment being steeper the lighter the 
movement assembly. As indicated above, curve B depicts the 
reverse movement. These movements can be effected by any 
conventional means, e.g. fluid actuators or by cam action. 
If by fluid actuators, it is readily possible to initiate 
their movement and thus also that of platen 21 by a limit 
switch placed to be tripped by platen 21 as soon as said platen 
reaches the distance from platen 11 at which the lateral movement 
of core 20 can take place unimoeded. If by cam action, fixed 
cams in the shape of curves A and B of Figure 4 may be used and 
platen 11 may be equipped with corresponding cam followers, to 
the effect that the axial movement of platen 21 will at the 
same time induce its lateral movement according to the cam 
path. Other means to produce the same result may be employed 
so long as the lateral movement of platen 21 is effectively 
controlled by its axial movement , whereby said lateral movement 
accommodates acceleration and deceleration of platen 21^ 
according to the mass to he moved thereviith. The advantage of 
this inproved arrangement is evident from the gain in cycle 
time. Thus, in the case referred to hereinabove the dry 
cycle of the injection clamping anparatus is reduced from 
approximately ^ seconds to ar)Droximately 1.2 seconds, of which 
the lateral shifting of platen 21 takes only 0.4 to 0.5 seconds 
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incluaias accelemion a„a aeceleration. T.is improvement is 
particularly noticeable In connection wit. .ecnanlcal. e.s- 
toggle or cranK cla^pln. mechanisms which are favored for rapia 
acting injection clamps over fluid actuated clamps. In the 
former, the clamping apparatus, which Is of the "fixed stro.e 

can he used to Induce the movement of platen ai during that 
portion Of Its opening and closing stro.e respectively which is 
.n excess of the minimum clearance hetween core 20 and mold 17. 

The aforesaid axial, arcuate and axial movement may he 
termed the shuttle movement. In accordance with the present 
invention It has heen found that when the shuttle movement is 
accomplished hy a hydraulic cylinder which is cushioned on hoth 
ends. I.e.. there is a decelerating taper hullt into the cylinder 

result is not entirely satisfactory, 
at both end walls, the result is n 

It has heen found that the slide for the shuttle movement is 
,ulte heavy and, the cushlonlnr arrangement huilt Into the 
cylinders Is inadequate to cope with the shoe, loads caused h. 

Shifting iof alignment elements in the mechanism, vihratlons and 
numerous interruptions In the cycle. In accordance with the 
preferred practice of the present invention the cushioned cylinder 
IS replaced hy a hydraulic cylinder which has no cushion huilt 
into It.^ TO effect deceleration and acceleration one valve is 
added to the circuit for each function. These valves are 
preferably of cam-controlled designs wherein their action is 
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transmitted by cams attached to the piston rods of the actuating 
cylinder. Thus, in order to overcome the severe spike or shock 
loads experienced due to the mass/velocity with resultant inertia 
generated to complete the transfer sequence In the time limit 
required one adds mechanically activated deceleration valves to 
control the shock loads experienced In the hydraulic circuit.. 
The hydraulic cylinder may be designed to overstroke the required 
shuttle stroke. This type of cylinder design also results in 
a faster acceleration due to no area restriction on initial 
cushion stroke built into a cushioning type hydraulic cylinder. 
Variable profiled cams are mounted to the hydraulic cylinder to 
actuate mechanical deceleration valves to control stroke and 
deceleration rate. Accumulators may be combined with flow control 
valves to assist in controlling the spike loads experienced. 
In addition, if desired a counterbalance valve may be added to 
assist in balancing cylinder load in the down motions to 
compensate gravitational forces on the shuttle mass. 

Cores 20 and are^ equipped with fluid passageways 
terminating, in so-called blow slots 70 .as shown in Pig. 6 in 
order to effect blowing of the preforms in the blow molds, as 
is known in the art. 

If permanently open, the blow slot 70 is connected 
according to conventional design to a source of pressure fluid 
and a source of vacuum via fluid passageway 78 whereby the 
change from one to the other is effected by a conventional 
valve in order for the dual function of the blow slot to be readily 
accomplished as needed during Injection and opening of the 
injection mold, and then during blowing. 
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=10. .ay for.e. or t«o .le.ents 6f t.e co.e. 
»»PU Xeaains element 71 ana roUowins eU.e„t 7.. .ha. 
re capaL or «.a..ve ^ove.en. as .o«„ .n P... S 

-Su.e 6 uaa.ns e.e„e.. .e.n. re.a ve. 

e With element 71 hav.ns a Ua.in. .uX.-Xi.e portion 73 

I not snown). Xt 13 nec.ssa. to control the openln. 

o MOW slot 70 .eehanlcaXXy in t.e folXowlns sequence: 
.osin. or X - ^^^^ ^^^^ ^^^^^^^^^ ^^^^^ 

:\:r;irio ..e is imtiat. an. ai.ost _ 

it is opene.. alternatively, it .ay .e Kept close. 
Il rillins or the »oia is accomplished an. opene. only 

ner Vacuu. is appUe. w.Ue the hlo« slot is open and 
thereafter. ^^^^ ,0 

««^ntained as core 20 or *»u u» 

,1,, , low Slot remains open and vacuu. 

<3.e ; rro. the m^ectlon station 

.3 maintained . lie ^^^^^^^^ 

-e .low ^ ; ,„3ide the preform 

:::::: rrrro... finished art^ 

. '° ewano between the Wow slot and 

of the ilowins Mcle. the connection between 

interrupted, but vacuum is not 
the source of fluid P""*""' ^= Interrupt 
admitted Inside the finished article. ^ , 

.ccordln.!,. in the case of an openable blow slot «,e flow 
Of fluid or connection to vacuum is controlled by a valve 
eystem that operates as follows: 



1. open to vacuum; 

2. closed to vacuum, open to pressure; 
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3. closed to pressure, open to atmosphere; 
i) . closed to pressure, closed to vacuum; 
5. blow slot closed. 

Figure 7 shows one embodiment of actuating the blow slot 
70. As shown, a spring 75 is provided, urging the movable 
element 71 forming the blow slot to open the latter. Stem 7^ 
is provided with a fixed annular bar 76. " Spring 75 is affixed 
to stem 7H between bar 76 and internal ridge 77 on element 72. 
When inserted into the injection station, the entering plastic 
will tend to counteract the force of spring 75 closing the 
blow slot. VJhen the pressure of the entering plastic Is relieved, 
spring 75 will tend to open the slot again. However, if now 
vacuum is applied, then atmospheric pressure will tend to close 
the slot or counteract the spring. Accordingly, the spring 
force chosen has to be such as to maintain the blow slot open 
against the atraospherlc pressure so that vacuum may be applied. 
The total force due to atmospheric pressure counteracting the 
spring is of course one atmosphere times the maximum projected 
area of the movable portion of the core, assembly , - A^v/k, 
Accordingly, the force of the spring will be chosen well above 
that figure, for example, twice or three times that much, it being 
noted that the pressure of the plastic during injection is many 
times higher so that even with a stronger spring the blow slot 
will still be closed during the injection step. 

Thus., the cores may be provided with means operative to 
close the blow slot under the pressure of incoming plastic and 
to open the blow slot when the pressure of the incoming 
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Plastic is .eliev.a. ir t.e .low slot is to .e permanently 

,pe. it .ust or course .e .eld to a dimension preclu.in, . closging 

^..-Hinn of the plastic while under pressure. That 
thereof by penetration of tne pi 

««^^incr to the viscosity of the 
^^r, 1.. accordingly chosen according to Tine 
dimension is accoi uiii6-»-j 

plastic at pressure .oxains te^erature. In t.e case of very 
tnln nuW Plastics, e.g. relatively low molecular weight 
.olvet.,lene ane nylon, it is not possible to produce a narrow 
...ou.h slot and to maintain it eoono:.icaUy . m the case of 
„ost amorphous plastics such as polystyrene, a permanently 
open Slot ^y he usea. M an i^rove.ent, the races of the 
corresponams hlow core components for.ins the slot are sli^tly 
tapered toward the outside as shown In Fisures 6 and 7, i.e. 
t^e side facing away fro. the core, and they are preferably 
coated With a substance that prevents adhesion of the entering 

1 rr +*>flon In consequence, any 
Plastic to metal surfaces, e-s- teflon. 

slisht amount of penetration into the slot will he cured durin. 

the hlowin. step, at which time the plastic that will thus 

have entered the hlow slot will be blown out. 

above described apparatus features interact «ith the 

process, particularly because a critical relationship exists 
between the te^erature of the plastic at any given stage 
and the rate and n^gnltude of the forming operation to which 
It is subjected. The process of injection blow molding is of 
course aimed at providing a predetermined shape of the finished 
article. In addition, in most Instances, as when converting 
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brittle p]2S tics into thin-walled objects, the process Isusedto 
improve the properties of the plastic, such as strength, ductility, 
resistance to permeation, etc. by molecular orientation, the 
details of which are well known, including the fact that the 
best levels of orientation are obtained by conducting the forming 
process at the lowest temperature compatible with the glass 
transition range of the given plastic that the chosen procedure 
is capable of. 

In high speed operation,' such as the one at which this 
invention is aimed, several factors have tc be reconciled: 

- the plastic has to be pressure formed rapidly, hence 
its temperature is left relatively high; 

- the parison has to be removed from the parison mold 
after the shortest possible dv;ell therein, in order to proceed 
to the next molding cycle, all without tending to adhere to 
the mold and become deformed thereby; 

- the temperature of the parison has to reach a level 
suitable for orientation during the short dwell in the parison 
mold and the conqoaratively short time, shortened by the clamp 

: action described herein, during which the parison is 
transported Into the blow mold; 

- the temperature at which the deformation of the parison, 
i.e. blowing takes place should be uniformly maintained while 
the parison is expanding and until it contacts the parison 
mold; 
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m no case must the oarison be damaged, nor deformed in 
the course of any' operation to which It is subjected, except 

of course blowing. 

A typical use of this invention will serve as an example 
her=in.elow, namely the ^nufacture of a thin-walled drlnKing 
cup of generally known configuration, fro. polystyrene, 
e g Styron 685 made by the Dow Chemical Company. In order to 
Obtain satisfactory filUnS of the .oia at a fast rate, it is 
,ndected at 560-570»P. B>e riarison tends to adhere to the 
oarison ^Id cavity wall until its temperature drops to 
aooroximately 150»F. The newly molded parison, with a wall 
thiOcness increasing from 0.3 mm to 0.6 mm from its open end 
towards its bottom dwells in .the parison mold for approximately 
0.8 seconds with the mold cavity wall at a tewerature of 
UO'T Which' is long en6u^ for the parison to become removable 

. ., The core in turn is kept at a temperature 

without sticking. The core 

of 260»F for the most part, ^Ith the region near the blow slot 

separately controlled at a2"«r or slightly lower, to minimize 

penetration of" the plastic thereinto, 

AS a result, temperatures of the Inner ai,a outer surface 

Of the parison are so balanced under action of the core and 
mold respectively that said parison re:»alns highly deformable 
While being readily separated from the parison mold cavity and 
transferred to the blow mold. For example. Inertia forces that 
can arise due to acceleration or deceleration during transfer 
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are capable of producing eccentricity of the wall thickness 
distribution. To overcome this danger, vacuum is applied'to 
adhere the parison to the core while being separated from the 
parison mold and while transported and the acceleration and 
5 deceleration is closely controlled as disclosed herein. 

At the time of blowing, the temperature distribution 
explained above will have changed to being substantially 
uniform at a level desirable for molecular orientation, 
resulting in substantially uniform properties throughout the 
10 finished article according to the amount of deformation any 

one region thereof will have experienced due to blowing. 

Accordingly, the features of the present invention shorten 
the process cycle by making it possible to operate safely at 
elevated temperatures. 
15 Once placed into the blow mold, the vacuum is released and 

blowing pressure of 100-300 psi is applied which may be 
accompanied by forward movement of pusher plate 52 in order 
to center the parison or the movable element of the blow core 
shownin Figure 7, to stretch it into contact with the blow 
20 mold. 

If such movement of the blow core element is used, it must 
not precede Initiation of blowing, so as to assure that no 
friction or adhesion exists between the parison and the core 
while the former Is being moved axially. 
25 Clearly, the time available for the process steps of 
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oroaucins t.e parlson and coolln, tha finished article 1. 
aoproxl.atel, the sa^e ir the operation Is to he preformed using 
the optimum cycle. For economy, the reliability and 
reoeatahlllty of the process steps are equally important. One 
of the important features of the apparatus herein descrihed is 
its mechanical simplicity assuring such oerformance. 

This invention may be embodied In other forms or carried 
out m other ways without deoartins from the spirit or 
essential characteristics thereof. The present embodiment is 
there-ore to be considered as in all respects illustrative and 
not restrictive, the scone of the invention being indicated 
„ the appended claims, and all changes which come within 
the meaning and range of e,ui-valency are intended to be 
embraced therein. 
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WHAT IS C LAIMED IS : - 



1. A process for Injection blow molding hollo« plastic 
articles which comprises: providing an injection mold including 
a .old cavity formed by a mold wall and a core; injecting molten 
plastic into said cavity to form a narlson on said core; 
separating said parison from said mold wall by moving said 
parlson on said core .xially in a straight path away from said 
.old wall; providing a blow mold adjacent said mold cavity In 
3iae-by-slde relationship therewith; moving said parison on 
said core In a substantially arcuate path into axial alignment 
^th said blow mold; moving said parison on said core axially 
1„ a straight path Into said blow mold; expanding said parison 
„„ said core In said blow mold to form said hollow article, 
wterem said arcuate path Is characterized by an initial 
acceleration component followed by a constant velocity component 
followed by a deceleration component. 

2 ~ A process according to claim 1 Including the steps of 
separating said core from said hollow article In said blow 
mold and leaving said hollow article In said blow mold by 
.ovmg said core axlally In a straight path away from said 
blow mold, followed by moving said core In a substantially 
arcuate path into axial alignment with said mold wall and mo^ng 

- n,. V,r, » stralrht path Into said mold wall for 
Bald core axlally on a strairu" v 

repeat of the cycle. 
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inrludinc the steps of 
3 A o-ocess accordln«? to claim 2 inciucm^ 

..oviam. .n ejection station adjacent said blow .old in ' 
,,ae-by-side relationship therewith and an ejection core 
en.a.eahXe with said ejection station, .oving said ejection 
core fro™ said ejection station into en^ase.ent with said 
,onow article alons a path parallel to the path of said core 
durlns the transfer of the core fro» said hlow ™old to said 
.old wan and Simultaneously therewith, and »o.ing said 
.oxiow article on said ejection core to said ejection station 
on a path parallel to the .ath of said parison on said core 
during transfer of the parison from the mold 
B,old and simultaneously therewith. 

„ A process according to claim 3 Including providing a 
second core adjacent said first core a.d a second hlow mold 
adjacent said Injection .nold and on the side thereof oppose* 
,0 said hlow »>ld, and a second ejection station and second 
ejection cOre adjacent said second hlow mold and on the side 
thereof opposed to said ejection station and ejection core ^ 
in sida-h,-slde relationship therewith, and moving said 
second core a.d second ejection core on paths corresponding 
to the paths of said core and ejection core in an overlapping 
cycle with respect thereto. 
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5. A process according to claim 1 wherein said hollow 

article is a cup-shaped article having a curled top rim, a 

bottom portion and tapered side walls extending from said 
bottom to said rim. 

6. A process according to claim 5 including the step of 
removing the core from said hollow article while leaving the 
article In the blow mold with the curved rim of the article 
lodged in the blow mold. 

7. A process according to claim 1 wherein the arcuate 
path is controlled by a hydraulic cylinder with a cam- controlled 
valve to control acceleration and deceleration. 

8. A process according to claim 3 Including providing a 
pusher means in said blow mold adjacent to the base of said 
article to aid in removal of said article from the blow mold 
and moving said pusher means against the. base of the article. 

9. A process according to claim M wherein said core, 
ejection core, second core and second ejection core move on 
a common platen. 

10. A process accordlnr to claim 3 including an axially 
movable stripper means on said ejection core and moving said 
stripper means axially to aid in removal of said article from 
said ejection core. 
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11. A process according to claim 1 Including providing a 
blo« slot on said core capable of being opened and closed, 
closing said blow slot under pressure of incoming plastic and 
opening said blow slot when the pressure is relieved. 

. 12, A process according to claim 11 including tapering 
the faces of the core forming the blow slot. 

13 A process according to claim 1 including applying 
vacuum to said parison through said core during separation of 
said parison from said mold wall. 

14 Apparatus for injection blow molding hollow plastic 
articles Which co^rises: an injection mold Including a mold 
„,ll; a core engageahle with said injection mold to form a mold 
cavity With said mold wall; means to inject molten plastic into 
.aid mold cavity to for» a parison therein; a blov.mold adjacent 
said mold iavlty in side-by-side relationship therewith, means 
.0 separate said parison from said mold wall operative to move 
said parison on said core axially in a. straight path away from 
said mold wall followed by in a substantially arcuate path into 
axial alignment with said blow mold, fallowed by a^cially in a 
straight path into said blow mold; and »eans to e:=pand said 
parison on said core in said blow .old to for» said hollow article. 
„berein said means to separate the parison fro» the ^Id wall is 
Characterized by an initial acceleration component followed by 
a constant velocity component followed by a deceleration component. 
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15. Apparatus 'accordln? to claim iD Including means for 
separating said core from said hollow article in said blow mold 
and leaving said hollow article in said blow mold by moving 
said core axially in a straight path away from said blov/ mold, 
followed by moving said core in a substantially arcuate path 
into axial alignment with said mold v/all and moving said core 
axially on a straight path into said mold wall for repeat of 
the cycle. 

16. Apparatus according to claim 15 including an ejection 
station adjacent said blow mold in side-by-slde relationship 
therewith and an ejection core engageable with said ejection 
"station, means for moving said ejection core from said ejection 
station into engagement with said hollow article along a path 
parallel to the path of said core during the transfer of the 
core from said blow mold to said mold wall and simultaneously 
therewith, and means for moving said hollow article on said 
ejection core to said ejection station on a path parallel to 
the path of said parison on said core during transfer of the 
parison from the mold wall to said blow mold and simultaneously 
therewith. 

17. Apparatus according to claim 16 including a second 
core adjacent said first core and a second blow mold adjacent 
said injection mold and on the side thereof opposed to said 
blow mold, and a second ejection station and second ejection 
core adjacent said second blow mold and on the side thereof 
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opposed to said ejection station and ejection core In 
3ide-by-slde relationship therewith, an. .eans for .ovlng 
.aid second core and second ejection core on paths corresponding 
to the paths of said core and ejection core in an overlapping 
cycle with respect thereto. 

- 18 Apparatus according to clal^ l-. including a hydraulic 
clylnder with a ca.-controlled .valve to control acceleration 
and deceleration. 

19 Apparatus accordins; to claim l6 Including a pusher 
.eans in said hlow .old adjacent to the base thereof to aid in 
removal of the article from the blow mold and means for moving 
said pusher means agains? the. base of the article. 

20. Apparatus according to claim 1* Including means for 
applying a vacuum, through said core. 

21 Apparatus according to claim 16 Including an axlally 
movable stopper means on saifl ejection core and means for 

«^4Qnv t-n aid in removal of the 
moving said stripper means axlally to aia in 

article from said ejection core. 

-22 Apparatus according to claim l-. including a blow slot 
on sad core capable of being opened and closed and means on said 
blow Slot operative to close said blow slot under pressure of 

mco^ng plastic and operative to open said blow slot when said 

pressure is relieved. 
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23. Apparatus according to claim 22 wherein the faces 'of 
the core forming the blow slot are tapered. 
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